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6HFWLRQ�����P��RI�WKH�&OHDQ�$LU�$FW��&$$��GLUHFWV�(3$��LQ�FRRSHUDWLRQ�ZLWK�WKH�1DWLRQDO
2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ��12$$���WR�DVVHVV�WKH�H[WHQW�RI�DWPRVSKHULF
GHSRVLWLRQ�RI�KD]DUGRXV�DLU�SROOXWDQWV�WR�WKH�*UHDW�:DWHUV���$V�SDUW�RI�WKLV�DVVHVVPHQW��(3$�LV
GLUHFWHG�WR��DPRQJ�RWKHU�WKLQJV��PRQLWRU�DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV��LQYHVWLJDWH
SROOXWDQW�VRXUFHV�DQG�GHSRVLWLRQ�UDWHV��DQG�FRQGXFW�UHVHDUFK�WR�LPSURYH�PRQLWRULQJ�PHWKRGV��
$FFRPSOLVKLQJ�WKHVH�WDVNV�UHTXLUHV�DQ�XQGHUVWDQGLQJ�RI�WKH�SURFHVVHV�E\�ZKLFK�WKH�SROOXWDQWV�RI
FRQFHUQ�DUH�WUDQVSRUWHG�IURP�WKHLU�HPLVVLRQ�VRXUFHV�DQG�GHSRVLWHG�WR�WKH�*UHDW�:DWHUV��
5HVHDUFKHUV�XVH�PDWKHPDWLFDO�PRGHOV�RI�DWPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ�RI�SROOXWDQWV�WR
DQDO\]H�WKH�PRYHPHQW�RI�SROOXWDQWV�LQ�WKH�HQYLURQPHQW��WR�GHYHORS�UHODWLRQVKLSV�EHWZHHQ
VRXUFHV�DQG�UHFHSWRUV�RI�SROOXWDQWV��DQG�WR�HYDOXDWH�SURVSHFWLYH�FRQWURO�VWUDWHJLHV�

7KLV�FKDSWHU�LQWURGXFHV�VRPH�EDVLF�FRQFHSWV�DQG�VFLHQWLILF�WHUPV�WKDW�DUH�UHOHYDQW�WR
DWPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ�RI�SROOXWDQWV��DQG�WKDW�DUH�XVHG�WKURXJKRXW�WKLV�UHSRUW���,W
DOVR�GLVFXVVHV�JHQHUDO�W\SHV�RI�WUDQVSRUW�DQG�GHSRVLWLRQ�PRGHOV��IRFXVLQJ�RQ�PRGHOLQJ
DFKLHYHPHQWV�RI�WKH�PRVW�UHFHQW�\HDUV�DQG�RQ�HIIRUWV�E\�(3$�DQG�12$$�SOXV�RWKHU�UHVHDUFKHUV�
PRVWO\�LQ�DFDGHPLD���)XUWKHU�GLVFXVVLRQ�RI�WKH�XVHV�RI�D�IHZ�RI�WKHVH�PRGHOV�LV�LQFOXGHG�LQ
&KDSWHU�,9�

7KHUH�LV�FXUUHQWO\�D�JHQHUDO�XQGHUVWDQGLQJ�RI�WKH�PDMRU�IDFWRUV�WKDW�DIIHFW�WKH�WUDQVSRUW�RI
DLU�SROOXWDQWV�EHWZHHQ�WKHLU�VRXUFHV�DQG�UHFHSWRUV��DV�ZHOO�DV�KRZ�WKHVH�IDFWRUV�LQWHUUHODWH���7KH
GHYHORSPHQW�RI�QHZ�PRGHOV�DQG�UHILQHPHQW�RI�H[LVWLQJ�RQHV�KDYH�EHHQ�DGYDQFHG�LQ�UHFHQW
\HDUV��DV�VKRZQ�LQ�WKLV�FKDSWHU���5HVHDUFK�RQ�WKH�FKDUDFWHUL]DWLRQ�RI�VRXUFHV��SURFHVVHV��DQG
SDUDPHWHUV�KDV�FRQWLQXHG�LQ�SDUDOOHO�ZLWK�PRQLWRULQJ�HIIRUWV���7KH�*UHDW�:DWHUV�KDYH�EHHQ�DQG
ZLOO�FRQWLQXH�WR�EH�WKH�IRFXV�RI�PDQ\�RI�WKH�LQYHVWLJDWLRQV�SUHVHQWHG�LQ�WKLV�FKDSWHU�

'HVSLWH�UHFHQW�DGYDQFHV�LQ�RXU�XQGHUVWDQGLQJ�RI�WUDQVSRUW�DQG�GHSRVLWLRQ�RI
FRQWDPLQDQWV�LQ�WKH�DWPRVSKHUH��WKHUH�LV�VWLOO�D�SDXFLW\�RI�GDWD�ZLWK�ZKLFK�WR�FDOLEUDWH�PRGHOV
�PHDVXUHPHQW�RI�GU\�GHSRVLWLRQ�DQG�VRXUFH�LQYHQWRULHV�DUH�W\SLFDO�H[DPSOHV����)XUWKHU�DQDO\VLV�LV
DOVR�UHTXLUHG�IRU�VRPH�WUDQVSRUW�DQG�GHSRVLWLRQ�SKHQRPHQD��VXFK�DV�WKH�LPSRUWDQFH�RI
HQYLURQPHQWDO�F\FOLQJ�RI�FRQWDPLQDQWV�HPLWWHG�DQG�GHSRVLWHG�LQ�WKH�SDVW�

7KLV�FKDSWHU�LV�GLYLGHG�LQWR�WKUHH�VHFWLRQV���6HFWLRQ�,,,�$�GLVFXVVHV�VRPH�NH\�WHUPV��VXFK
DV�GHSRVLWLRQ�DQG�HQYLURQPHQWDO�F\FOLQJ���6HFWLRQ�,,,�%�SUHVHQWV�D�EULHI�GHVFULSWLRQ�RI�JHQHUDO
W\SHV�RI�WUDQVSRUW�DQG�GHSRVLWLRQ�PRGHOV���6HFWLRQ�,,,�&�FRPSDUHV�VRPH�PRGHOV�WKDW�KDYH�EHHQ
UHFHQWO\�XVHG�LQ�*UHDW�:DWHUV�VWXGLHV��DQG�GLVFXVVHV�PRGHOLQJ�DQG�GDWD�OLPLWDWLRQV�

,,,�$��$WPRVSKHULF�'HSRVLWLRQ�DQG�(QYLURQPHQWDO�&\FOLQJ

/RQJ�UDQJH�DWPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ�RI�SROOXWDQWV�KDYH�EHHQ�ZLGHO\
DFNQRZOHGJHG�WR�PDNH�D�VLJQLILFDQW�FRQWULEXWLRQ�WR�FRQWDPLQDQW�LQSXWV�WR�VXUIDFH�ZDWHUV�
LQFOXGLQJ�WKH�*UHDW�:DWHUV���$WPRVSKHULF�GHSRVLWLRQ�UHIHUV�WR�WKH�UHPRYDO�RI�SROOXWDQWV
�IROORZLQJ�WUDQVSRUW��IURP�WKH�DLU�WR�VRLO��ZDWHU��DQG�RWKHU�VXUIDFHV���'HSRVLWLRQ�PD\�RFFXU
GLUHFWO\�WR�WKH�ZDWHU�VXUIDFH�DQG�RU�LQGLUHFWO\�WR�WKH�ODQG�VXUIDFH�LQ�WKH�ZDWHUVKHG��ZLWK
VXEVHTXHQW�UXQRII�IURP�UDLQIDOO�FDUU\LQJ�FRQWDPLQDQWV�WR�WKH�ZDWHUERG\���,W�LV�LPSRUWDQW�WR
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UHFRJQL]H�WKDW�ERWK�ORFDO�DQG�GLVWDQW�DLU�HPLVVLRQ�VRXUFHV�PD\�FRQWULEXWH�WR�WKH�SROOXWDQW�ORDGLQJ
DW�D�JLYHQ�ORFDWLRQ�DQG�WLPH���$OVR��SROOXWDQWV�PD\�EH�HPLWWHG�IURP�D�FRPELQDWLRQ�RI�SRLQW�
PRELOH��RU�DUHD�VRXUFHV��RU�HYHQ�IURP�UHVXVSHQVLRQ�LQ�WKH�DLU�RI�SUHYLRXVO\�GHSRVLWHG�PDWHULDO�

7KHUH�DUH�WKUHH�PDMRU�SURFHVVHV�RI�GLUHFW�DWPRVSKHULF�GHSRVLWLRQ�WR�QDWXUDO�ZDWHUERGLHV��
ZHW�GHSRVLWLRQ��GU\�GHSRVLWLRQ��DQG�JDV�H[FKDQJH�DFURVV�WKH�DLU�ZDWHU�LQWHUIDFH���$�VFKHPDWLF�RI
WKHVH�SURFHVVHV�LV�SUHVHQWHG�LQ�)LJXUH�,,,�����,Q�DGGLWLRQ�WR�WKHVH�SURFHVVHV��F\FOLQJ�RI�VHPL�
YRODWLOH�FRPSRXQGV��H�J���SRO\FKORULQDWHG�ELSKHQ\OV��3&%V���DQG�SHUVLVWHQW�FRPSRXQGV�DPRQJ
HQYLURQPHQWDO�PHGLD��H�J���DLU��ZDWHU��VHGLPHQW��FDQ�EH�DQ�LPSRUWDQW�LQSXW�RI�SROOXWDQWV�LQ
ZDWHUERGLHV�

FIGURE III-1
Atmospheric Deposition Processes

0RQLWRULQJ�DQG�DVVHVVPHQW�RI�WKHVH�SURFHVVHV�SURYLGH�LPSRUWDQW�LQIRUPDWLRQ�RQ�WKH
DWPRVSKHULF�FRQWULEXWLRQ�RI�D�JLYHQ�SROOXWDQW�WR�D�VSHFLILF�VLWH��DV�ZHOO�DV�H[WHQW�RI�GHSRVLWLRQ�RI
WKH�SROOXWDQW���+HQFH��PRQLWRULQJ�DW�*UHDW�:DWHUV�VWXG\�VLWHV�UHTXLUHV�PHWHRURORJLFDO
PHDVXUHPHQWV�DQG�PHDVXUHV�RI�FRQWDPLQDQW�FRQFHQWUDWLRQV�YHU\�QHDU�WR�WKH�VLWH�DQG��LI�SRVVLEOH�
RYHU�WKH�VXUIDFH�RI�WKH�ZDWHUERG\�LWVHOI���8QGHUVWDQGLQJ�RI�WKHVH�SURFHVVHV�DOORZV�UHVHDUFKHUV�WR
HYDOXDWH�TXDQWLWDWLYHO\�WKH�ORQJ�WHUP�GLVWULEXWLRQ�RI�D�SROOXWDQW�LQ�DQ�DTXDWLF�V\VWHP���(3$
VSRQVRUV�UHVHDUFK�RQ�DWPRVSKHULF�GHSRVLWLRQ�VR�WKDW�IXWXUH�PRQLWRULQJ�FDQ�EHFRPH�OHVV�UHVHDUFK�
RULHQWHG�DQG�PRUH�IRFXVHG�RQ�HYDOXDWLQJ�WUHQGV�LQ�DWPRVSKHULF�ORDGLQJ�RI�SROOXWDQWV�DQG
GHWHUPLQLQJ�WKH�HIIHFWV�UHVXOWLQJ�IURP�HIIRUWV�WR�UHGXFH�HPLVVLRQV�

:HW�'HSRVLWLRQ

:HW�GHSRVLWLRQ��RU�LQ�PRUH�JHQHUDO�WHUPV��UHPRYDO�YLD�SUHFLSLWDWLRQ��UHIHUV�WR�WKH
LQFRUSRUDWLRQ�RI�ERWK�JDVHV�DQG�SDUWLFOHV�LQWR�FORXG�GURSOHWV�DQG�LQWR��K\GURPHWHRUV���H�J���VQRZ�
VOHHW��DQG�UDLQ��ZKHUH�WKH\�DUH�FDUULHG�WR�WKH�(DUWK
V�VXUIDFH�LQ�SUHFLSLWDWLRQ���3ROOXWDQWV�PD\�EH
UHPRYHG�IURP�DLU�E\�ZHW�GHSRVLWLRQ�WKURXJK�WKUHH�PDLQ�PHFKDQLVPV�
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Research on Dry Deposition

In 1994, a research program was established
among the EPA, the University of Michigan, the Illinois
Institute of Technology, Carnegie-Mellon University,
and Oak Ridge National Laboratory to develop and test
new techniques for measuring dry deposition of
mercury and other trace elements to natural water
surfaces.  The data will be used to develop new
mathematical models for predicting dry deposition onto
water surfaces under a variety of atmospheric and
surface conditions.  Measurement methodologies have
been developed and tested, and modeling is underway. 
Field studies in 1996-1997 are planned to gather basic
data, and to compare with model predictions.

����PLQXWH�SROOXWDQW�EHDULQJ�SDUWLFOHV�FDQ�VHUYH�DV�FORXG�FRQGHQVDWLRQ�QXFOHL�DQG�EHFRPH
QDWXUDOO\�HPEHGGHG�LQWR�ZDWHU�GURSOHWV�GXULQJ�FORXG�IRUPDWLRQ������SDUWLFOHV�PD\�EH
LQFRUSRUDWHG�LQWR�IDOOLQJ�K\GURPHWHRUV�E\�FROOLVLRQV��RU�����JDVHRXV�SROOXWDQWV�PD\�EH�GLVVROYHG
LQWR�FORXG�GURSOHWV�DQG�IDOOLQJ�UDLQ���&ORXG�DQG�SUHFLSLWDWLRQ�GURSOHWV��WKHUHIRUH��PD\�FRQWDLQ
SROOXWDQWV�LQ�ERWK�SDUWLFXODWH�DQG�GLVVROYHG�IRUPV���7KH�UHPRYDO�RI�JDVHV�E\�ZHW�GHSRVLWLRQ�LV
GHSHQGHQW�RQ�WKHLU�VROXELOLWLHV�LQ�WKH�HOHPHQWV�RI�SUHFLSLWDWLRQ���:HW�GHSRVLWLRQ�LV�HVVHQWLDOO\�DQ
LQWHUPLWWHQW�SURFHVV��DOWKRXJK�LI�SUHFLSLWDWLRQ�HYHQWV�DUH�IUHTXHQW�RU�ORQJ�ODVWLQJ��ZHW�GHSRVLWLRQ
PD\�EH�WKH�PDMRU�SDWKZD\�IRU�GHSRVLWLRQ�RI�DLU�SROOXWDQWV��VSHFLILFDOO\�IRU�WRWDOO\�SDUWLFXODWH
VSHFLHV��H�J���PHWDOV�RWKHU�WKDQ�PHUFXU\����)RU�VHPL�YRODWLOH�FRPSRXQGV��DLU�ZDWHU�JDV�H[FKDQJH
DSSHDUV�WR�EH�D�GRPLQDQW�IDFWRU��+RII�HW�DO��������

7R�JHW�XVHIXO�DQG�TXDQWLWDWLYH�PHDVXUHPHQWV�RI�ZHW�GHSRVLWLRQ��ZHOO�SUHSDUHG�SURWRFROV
DQG�TXDOLW\�DVVXUDQFH�DSSURDFKHV�DUH�GHVLJQHG�DQG�XVHG��ZLWK�FDUHIXO�KDQGOLQJ�RI�ILHOG
HTXLSPHQW��VDPSOHV��DQG�VXEVHTXHQW�FKHPLFDO�DQDO\VHV���)RU�H[DPSOH��ZHW�GHSRVLWLRQ�UDWHV�DUH
GHWHUPLQHG�XVLQJ�FROOHFWRUV�WKDW�DUH�GHVLJQHG�WR�RSHQ�RQO\�GXULQJ�SUHFLSLWDWLRQ�HYHQWV���:RUN
PXVW�EH�GHVLJQHG�DQG�FDUULHG�RXW�VR�DV�WR�PLQLPL]H�PHDVXUHPHQW�SUREOHPV�ZLWK�WKH�VDPSOHV
WKDW�FDQ�DULVH�IURP�FKHPLFDO�RU�ELRORJLFDO�DFWLYLW\��HYDSRUDWLRQ�RI�JDVHRXV�SROOXWDQWV��RU�SRVVLEOH
FRQWDPLQDWLRQ�GXULQJ�VWRUDJH�DQG�KDQGOLQJ���7KH�FRQFHQWUDWLRQV�RI�PRVW�RI�WKH�SROOXWDQWV�RI
FRQFHUQ�LQ�DQ\�RQH�SUHFLSLWDWLRQ�HYHQW�PD\�EH�VPDOO��VR�UDWKHU�DGYDQFHG�ILHOG�DQG�FKHPLFDO�
DQDO\WLFDO�PHWKRGV�DUH�QHHGHG�IRU�TXDQWLWDWLYHO\�DVVHVVLQJ�WKH�FRQFHQWUDWLRQV���7KRXJK
PHDVXUHPHQWV�PXVW�EH�WDNHQ�RI�VKRUW�WHUP�HYHQWV�LQ�ZKLFK�WKH�FRQFHQWUDWLRQV�PD\�EH�VPDOO��LW�LV
LPSRUWDQW�WR�WUDFN�WKH�FRQFHQWUDWLRQV�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�GHSRVLWHG�RYHU�WLPH�EHFDXVH�RI
WKHLU�SHUVLVWHQFH�DQG�WHQGHQF\�WR�ELRDFFXPXODWH���7KXV��WKH�NLQG�RI�PRQLWRULQJ�XVHG�LQ�WKH�*UHDW
:DWHUV�SURJUDP�LQYROYHV�UHVHDUFK�LQWR�QHZ�DQG�PRUH�DFFXUDWH�PRQLWRULQJ�WHFKQLTXHV�DQG�PXVW
EH�FDUHIXOO\�GHVLJQHG�WR�IRFXV�HIIRUWV�RQ�ZHOO�ORFDWHG�VLWHV��SURWRFROV��DQG�PHWKRGV�

'U\�'HSRVLWLRQ

'U\�GHSRVLWLRQ�UHIHUV�WR�UHPRYDO
IURP�WKH�DLU�RI�SROOXWDQWV��ERXQG�WR
SDUWLFOHV�RU�LQ�WKH�JDVHRXV�IRUP��WR�WKH
ODQG�RU�ZDWHU�VXUIDFH�LQ�WKH�DEVHQFH�RI
SUHFLSLWDWLRQ���'U\�GHSRVLWLRQ�LV
HVVHQWLDOO\�D�FRQWLQXRXV�SURFHVV�DQG�RIWHQ
UHSUHVHQWV�D�VXEVWDQWLDO�UHPRYDO�RI�WKH
SROOXWDQWV�IURP�WKH�DWPRVSKHUH���7KH
SROOXWDQWV�UHDFK�WKH�VXUIDFH�E\�WKH
WXUEXOHQW�PRYHPHQWV�RI�WKH�DLU�RU��IRU
ODUJH�SDUWLFOHV��WKURXJK�JUDYLWDWLRQDO
VHWWOLQJ���'U\�GHSRVLWLRQ�RI�SDUWLFXODWHV
ZLWK�KLJK�GHSRVLWLRQ�YHORFLWLHV�LV�DQ
LPSRUWDQW�FRQWULEXWLRQ�WR�SROOXWDQW
ORDGLQJV�WR�ZDWHUERGLHV�ORFDWHG�QHDU
FLWLHV���)RU�ODUJH�RSHQ�ZDWHUERGLHV��DLU�ZDWHU�JDV�H[FKDQJH�DSSHDUV�WR�FRQWULEXWH�PRUH�WKDQ�GU\
SDUWLFOH�GHSRVLWLRQ��+RII�HW�DO����������$�UHYLHZ�RI�PRGHOV�RI�GU\�GHSRVLWLRQ�WR�ZDWHU�LV�SUHVHQWHG
E\�=XIDOO�DQG�'DYLGVRQ���������
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'U\�GHSRVLWLRQ�LV�PHDVXUHG�IURP�SROOXWDQW�DFFXPXODWLRQ�RQ�DUWLILFLDO�VXUIDFHV��H�J���D
SOH[LJODVV�SODWH����$OWHUQDWLYHO\��DWPRVSKHULF�SROOXWDQW�FRQFHQWUDWLRQV�DQG�WKHLU�PDVV�VL]H
GLVWULEXWLRQ�FDQ�EH�FRPELQHG�ZLWK�PLFURPHWHRURORJ\�GDWD�WR�PRGHO�GU\�GHSRVLWLRQ�UDWHV���7KH
PDMRU�GLIILFXOW\�LQ�PHDVXULQJ�GU\�GHSRVLWLRQ�LV�WKDW�WKHUH�LV�QR�PHWKRG�WKDW�FDQ�EH�URXWLQHO\�XVHG
EHFDXVH�WKH�IOX[�GHQVLW\�LV�VR�ORZ�DQG�EHFDXVH�WKH�H[FKDQJH�UDWH�LV�XVXDOO\�JRYHUQHG�E\�GHWDLOV�RI
WKH�VXUIDFH�WKDW�FDQQRW�EH�UHSURGXFHG�LQ�DUWLILFLDO�GHYLFHV���7KH�GLIILFXOWLHV�RI�PHDVXULQJ�GU\
GHSRVLWLRQ�KDYH�PRWLYDWHG�QHZ�UHVHDUFK�RQ�PHDVXUHPHQW�PHWKRGRORJLHV�DQG�PRGHOLQJ�RI�GU\
GHSRVLWLRQ�XQGHU�WKH�*UHDW�:DWHUV�SURJUDP��VHH�VLGHEDU�RQ�WKH�SUHYLRXV�SDJH��

*DV�([FKDQJH�$FURVV�WKH�$LU�:DWHU�,QWHUIDFH

,Q�DGGLWLRQ�WR�ZHW�DQG�GU\�GHSRVLWLRQ�RI�SROOXWDQWV��JDVHRXV�SROOXWDQWV�PD\�EH�GLUHFWO\
H[FKDQJHG�EHWZHHQ�DLU�DQG�ZDWHU��L�H���WUDQVIHUUHG�LQ�HLWKHU�GLUHFWLRQ�DFURVV�WKH�DLU�ZDWHU
LQWHUIDFH����7KH�JDVHRXV�H[FKDQJH�RI�RUJDQLF�FRPSRXQGV�DW�WKH�DLU�ZDWHU�LQWHUIDFH�LV�DQ
LPSRUWDQW�SKHQRPHQRQ�LQ�WKH�EDODQFH�RI�SROOXWDQWV�RFFXUULQJ�LQ�DLU�DQG�ZDWHU��(LVHQUHLFK�HW�DO�
�������DQG�H[WHQVLYH�1RUWK�$PHULFDQ�ZDWHUERGLHV��VXFK�DV�WKH�*UHDW�/DNHV�DQG�&KHVDSHDNH�%D\�
SURYLGH�ODUJH�VXUIDFH�DUHDV�IRU�WKLV�H[FKDQJH�WR�RFFXU���$QDORJRXV�JDV�H[FKDQJH�SKHQRPHQD
RFFXU�EHWZHHQ�SODQWV�DQG�DLU��DQG�ODQG�DQG�DLU�

*DV�H[FKDQJH�LV�D�WZR�ZD\�SURFHVV�LQYROYLQJ�ERWK�JDV�DEVRUSWLRQ�RU�LQYDVLRQ��DLU�WR
ZDWHU��DQG�YRODWLOL]DWLRQ�RU�HYDVLRQ��ZDWHU�WR�DLU��DFURVV�DQ�DLU�ZDWHU�LQWHUIDFH�RI�D�YRODWLOH
FKHPLFDO��XVXDOO\�LQ�JDVHRXV�IRUP�XQGHU�HYHU\�GD\�FRQGLWLRQV��RU�D�VHPL�YRODWLOH�FKHPLFDO��H�J��
SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��3$+V���3&%V����7KH�GLUHFWLRQ�RI�JDV�PRYHPHQW��IURP�DLU�WR
ZDWHU�RU�IURP�ZDWHU�WR�DLU��GHSHQGV�RQ�WKH�IXJDFLW\�GLIIHUHQFH��L�H���WKH�UHODWLRQ�RI�WKH�+HQU\
V
ODZ�VFDOHG�DLU�FRQFHQWUDWLRQ�WR�WKH�ZDWHU�FRQFHQWUDWLRQ����7KH�GLUHFWLRQ�RI�JDV�H[FKDQJH�ZLOO�WHQG
WR�UHGXFH�WKLV�GLIIHUHQFH�DQG�PRYH�WRZDUG�D�QHDU�HTXLOLEULXP�FRQGLWLRQ���7KH�GLUHFWLRQ�DQG
PDJQLWXGH�RI�JDV�WUDQVIHU�LV�D�IXQFWLRQ�RI�WKH�FKHPLFDO�FRQFHQWUDWLRQV�LQ�DLU�DQG�ZDWHU��ZLQG
VSHHG��WHPSHUDWXUHV�LQ�DLU�DQG�ZDWHU��ZDYHV��KHLJKW��IUHTXHQF\���SK\VLFDO�DQG�FKHPLFDO
SURSHUWLHV�RI�WKH�SROOXWDQW��H�J���PROHFXODU�ZHLJKW��YDSRU�SUHVVXUH��+HQU\
V�/DZ�FRQVWDQW�
VROXELOLW\���DQG�LQ�VRPH�FDVHV�FKDUDFWHULVWLFV�RI�WKH�ZDWHU��H�J���S+�IRU�DFLGLF�DQG�EDVLF�VSHFLHV�
DQG�VDOLQLW\�LQ�HVWXDULHV��

*DV�DEVRUSWLRQ�DQG�YRODWLOL]DWLRQ�RFFXU�VLPXOWDQHRXVO\��HYHQ�ZKHQ�QHDU�HTXLOLEULXP�KDV
EHHQ�DFKLHYHG���7DNHQ�WRJHWKHU��YRODWLOL]DWLRQ�DQG�JDV�DEVRUSWLRQ�FRQWULEXWH�WR�WKH�QHW�IOX[��WKH
GLIIHUHQFH�EHWZHHQ�WKH�DPRXQW�RI�SROOXWDQW�LQYDGLQJ�DQG�WKH�DPRXQW�HYDGLQJ��RU�HIIHFWLYH
PRYHPHQW�RI�D�FKHPLFDO�DFURVV�WKH�DLU�ZDWHU�LQWHUIDFH���1HW�IOX[�PD\�EH�H[SUHVVHG�DV�WKH�PDVV�RI
JDV�PRYLQJ�DFURVV�D�XQLW�RI�DUHD�RYHU�D�XQLW�RI�WLPH��H�J�����QJ�SHU�P �RI�ZDWHU�VXUIDFH�SHU�GD\����

7R�DFKLHYH�TXDQWLWDWLYH�HVWLPDWHV�IRU�WKH�*UHDW�:DWHUV�RI�QHW�GHSRVLWLRQ�RI�SROOXWDQWV�RI�FRQFHUQ�
PDQ\�RI�ZKLFK�DUH�VHPL�YRODWLOH��VXFK�SK\VLFDO�DQG�FKHPLFDO�SURFHVVHV�PXVW�EH�TXDQWLILHG�VR
WKH\�PD\�EH�FRUUHFWO\�XVHG�LQ�PRGHOV���6RPH�HDUOLHU�ZRUN�RQ�SROOXWDQW�ORDGLQJ�PDGH�VLPSOLI\LQJ
DVVXPSWLRQV�RI��RQH�ZD\��IOX[�RU�GHSRVLWLRQ�ZLWKRXW�TXDQWLI\LQJ�JDV�H[FKDQJHV��EXW�UHFHQW�ZRUN
VKRZV�WKH�QHHG�IRU�PRUH�FRPSOHWH�UHSUHVHQWDWLRQ�RI�WKH�QDWXUDO�SURFHVVHV�IRU�HDFK�SROOXWDQW��
)XUWKHUPRUH��LW�LV�LPSRUWDQW�LQ�VRPH�FDVHV�WR�GHWHUPLQH�ERWK�DEVRUSWLRQ�DQG�YRODWLOL]DWLRQ�
LQVWHDG�RI�QHW�IOX[�DORQH���(YHQ�XQGHU�FRQGLWLRQV�FORVH�WR�DLU�ZDWHU�HTXLOLEULXP��ZLWK�VPDOO�QHW
IOX[��WKH�DEVRUSWLRQ�DQG�YRODWLOL]DWLRQ�PD\�EH�TXLWH�ODUJH��PDNLQJ�JDV�H[FKDQJH�D�NH\�IDFWRU�LQ
WKH�DQDO\VLV�RI�SROOXWDQW�PRYHPHQWV��VHH�7DEOH�,9���LQ�6HFWLRQ�,9�$�RQ�WKH�*UHDW�/DNHV��
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7KHUH�DUH�WZR�PRGHOV�FRPPRQO\�XVHG�WR�GHVFULEH�JDV�H[FKDQJH�DW�WKH�DLU�ZDWHU�LQWHUIDFH��
7KH�6WDJQDQW�7ZR�ILOP�0RGHO��/LVV�DQG�6ODWHU�������:KLWPDQ�������LV�XVHG�WR�HVWLPDWH�JDV
H[FKDQJH�DW�ORZ�ZLQG�VSHHGV��ZKLFK�UHVXOWV�LQ�DQ�HVVHQWLDOO\�VWDJQDQW�ERXQGDU\�OD\HU�MXVW�DERYH
WKH�ZDWHU���+RZHYHU��DV�KLJKHU�ZLQG�VSHHGV�JHQHUDWH�PRUH�WXUEXOHQFH�LQ�WKH�ERXQGDU\�OD\HUV�RI
ERWK�DLU�DQG�ZDWHU��WXUEXOHQW�HGGLHV�EULQJ�VPDOO�SDUFHOV�RI�ZDWHU�WR�WKH�VXUIDFH��ZKHUH�WKH\�EHJLQ
WR�HTXLOLEUDWH�ZLWK�WKH�DWPRVSKHUH��DQG�PRUH�UDSLG�JDV�H[FKDQJH�RI�FKHPLFDOV�RFFXUV���7R
FKDUDFWHUL]H�WKLV�VLWXDWLRQ��WKH�6XUIDFH�5HQHZDO�0RGHO�PD\�EH�XVHG��EXW�WKH�FKRLFH�RI�PRGHO�IRU�D
JLYHQ�VLWXDWLRQ�LV�QRW�DOZD\V�FOHDU�FXW���7KH�DLU�ZDWHU�JDV�H[FKDQJH�PRGHOV�FRQWLQXH�WR�EH
LPSURYHG�WR�LQFRUSRUDWH�QHZ�IDFWRUV�VXFK�DV�HIIHFW�RI�EXEEOHV��EUHDNLQJ�ZDYHV��DQG�VXUIDFH�ILOPV��
)RU�D�UHYLHZ�RI�WKHVH�PRGHOV��UHDGHUV�VKRXOG�UHIHU�WR�7KHRIDQQRXV��������DQG�(LVHQUHLFK�HW�DO�
�������

(QYLURQPHQWDO�&\FOLQJ�RI�6HPL�9RODWLOH�&RPSRXQGV�

7KH�H[FKDQJH�DQG�F\FOLQJ�RI�JDVHV�EHWZHHQ�DLU��ZDWHU��DQG�VRLO�LV�HVSHFLDOO\�LPSRUWDQW�IRU
WKH�SROOXWDQWV�RI�FRQFHUQ�WKDW�DUH�FKDUDFWHUL]HG�E\�FKHPLVWV�DV��VHPL�YRODWLOH��LQ�QDWXUH���7KHVH
VHPL�YRODWLOH�SROOXWDQWV�FRH[LVW�LQ�WKH�DWPRVSKHUH�LQ�ERWK�WKH�JDV�DQG�SDUWLFOH�SKDVHV��DQG�FDQ
UHYRODWLOL]H�LQWR�WKH�DLU�DIWHU�GHSRVLWLRQ��WKRXJK�QRW�DV�UHDGLO\�DV�YRODWLOH�FRPSRXQGV�VXFK�DV
EHQ]HQH�RU�YLQ\O�FKORULGH����6HPL�YRODWLOH�RUJDQLF�FRPSRXQGV�LQFOXGH�3$+V��3&%V��DQG�VHYHUDO
SHVWLFLGHV��H�J���KH[DFKORUREHQ]HQH����+&+��DQG�OLQGDQH���DV�ZHOO�DV�WKH�PHWDOOLF�IRUP�RI
PHUFXU\�DQG�PDQ\�RI�WKH�RWKHU�����WR[LF�SROOXWDQWV�OLVWHG�DV�KD]DUGRXV�DLU�SROOXWDQW��+$3V��LQ
VHFWLRQ�����E��RI�WKH�&$$���%HFDXVH�WKHVH�FRPSRXQGV�SRVVHVV�YHU\�ORZ�YDSRU�SUHVVXUHV�DQG
ZDWHU�VROXELOLWLHV��WKH\�DUH�GLVWULEXWHG�EHWZHHQ�WKH�JDVHRXV�DQG�SDUWLFXODWH�SKDVH�ERWK�LQ�WKH
DWPRVSKHUH�DQG�LQ�WKH�ZDWHU�FROXPQ��DQG�WKHLU�GLVWULEXWLRQ�DPRQJ�DLU��ZDWHU��VRLO��DQG
YHJHWDWLRQ�LV�YHU\�FRPSOH[���7KLV�PDNHV�WUDFNLQJ�RU�PRGHOLQJ�PRYHPHQWV�RI�VHPL�YRODWLOH
FRPSRXQGV�YHU\�GLIILFXOW���(DFK�SROOXWDQW�KDV�SDUWLFXODU�FKHPLFDO�SK\VLFDO�DWWULEXWHV�DIIHFWLQJ
SKDVH�GLVWULEXWLRQ��VR�TXDQWLWDWLYH�DVVHVVPHQW�UHTXLUHV�WKDW�HDFK�SROOXWDQW�EH�ZHOO�XQGHUVWRRG��
6RPH�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�FDQ�EH�FKHPLFDOO\�SHUVLVWHQW��PDLQWDLQLQJ�FKHPLFDO�LGHQWLW\
�QRW�EHLQJ�EURNHQ�GRZQ��DV�WKH\�PRYH�DPRQJ�SK\VLFDO�SKDVHV�DQG��LQ�PDQ\�FDVHV��LQWR�ELRORJLFDO
WLVVXHV���6RPH�RWKHU�SROOXWDQWV��VXFK�DV�3$+V��PD\�FKDQJH�WR�FRPSRXQGV�WKDW�DUH
ELRDFFXPXODWLYH�DQG�PRUH�WR[LF�WKDQ�WKH�SDUHQW�FRPSRXQGV���2WKHU�JURXSV�RI�FRPSRXQGV�PD\
VHSDUDWH�LQWR�LQGLYLGXDO�FRPSRQHQWV�GXH�WR�LQWHUDFWLRQV�DQG�UHODWLYH�PRYHPHQW�DPRQJ�VROLGV
DQG�OLTXLGV�LQ�WKH�HQYLURQPHQW��:DQLD�DQG�0DFND\�������

2QFH�UHOHDVHG�WR�WKH�HQYLURQPHQW��SHUVLVWHQW�VHPL�YRODWLOH�FRPSRXQGV�PD\�UHSHDWHGO\
F\FOH�EHWZHHQ�WKH�DWPRVSKHUH��ODQG��DQG�ZDWHUERGLHV���7KLV�F\FOH�FDQ�H[WHQG�RYHU�ORQJ�WLPH
SHULRGV��UHVXOWLQJ�LQ�WUDQVSRUW�RI�WKH�FRPSRXQGV�IRU�ORQJ�GLVWDQFHV���/RQJ�GLVWDQFH�WUDQVSRUW
ZLWK�UHSHDWHG�GHSRVLWLRQ�WR�ODQG�RU�ZDWHU�DQG�WKHQ�UHYRODWLOL]DWLRQ�WR�WKH�DWPRVSKHUH�KDV�EHHQ
VKRZQ�WR�RFFXU�LQ�UHVSRQVH�WR�VHDVRQDO�WHPSHUDWXUH�FKDQJHV��DPRQJ�RWKHU�IDFWRUV��:DQLD�DQG
0DFND\���������2WKHU�IDFWRUV�WKDW�LQIOXHQFH�WKH�H[WHQW�DQG�GXUDWLRQ�RI�WKLV�F\FOLQJ�LQFOXGH
YRODWLOLW\�DQG�SHUVLVWHQFH�RI�WKH�VXEVWDQFH��PROHFXODU�ZHLJKW��FRQFHQWUDWLRQV�DQG�WHPSHUDWXUHV�LQ
DLU��VRLO��DQG�ZDWHU��DQG�DWPRVSKHULF�FLUFXODWLRQ��SUHVVXUH��DQG�ZHDWKHU�FRQGLWLRQV���$V�WKH
VHDVRQV�FKDQJH��WKH�EHKDYLRUV�RI�DWPRVSKHULF�FRQWDPLQDQWV�FKDQJH�UHODWLYH�WR�WKHLU�ORFDWLRQ�LQ
SK\VLFDO�PHGLD��WKHUHIRUH��VDPSOLQJ�ZRUN�DQG�PRGHOLQJ�FDOFXODWLRQV�PXVW�EH�DGMXVWHG��IRU�HDFK
FRPSRXQG��WR�FRUUHFWO\�HVWLPDWH�WKHLU�SUHVHQFH�DQG�LPSDFWV���:DUPHU�FRQGLWLRQV�RQ�VHDVRQDO
DQG�JOREDO�VFDOHV�JHQHUDOO\�IDYRU�QHW�PRYHPHQW�LQWR�WKH�DWPRVSKHUH���2IWHQ�UHGHSRVLWLRQ�WDNHV
SODFH�LQ�DUHDV�RI�FROGHU�DWPRVSKHULF�WHPSHUDWXUHV��:DOODFH�HW�DO��������:DQLD�DQG�0DFND\������
��������7KH�PRGHOLQJ�RI�FKHPLFDO�IDWH�DQG�FRQFHQWUDWLRQV�RI�VHPL�YRODWLOH�SROOXWDQWV�RYHU�YHU\
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ODUJH�DUHDV�LV�FKDOOHQJLQJ��DQG�ODFN�RI�GDWD�RQ�SROOXWDQW�VRXUFH�DQG�UHOHDVH�PDNHV�WKH�YDOLGDWLRQ
RI�H[LVWLQJ�PRGHOV�GLIILFXOW��:DQLD�DQG�0DFND\���������$OVR��WKH�ODFN�RI�GHILQLWLYH�PHWKRGV�WR
PHDVXUH�WKH�FRQFHQWUDWLRQ�RI�WKH�PL[�RI�JDVHV��SDUWLFOHV��DQG�OLTXLG�GURSOHWV�WKDW�FRQVWLWXWHV�VRPH
RI�WKH�RUJDQLF�VHPL�YRODWLOH�SROOXWDQWV�EHLQJ�GHSRVLWHG�SRVHV�VLJQLILFDQW�FKDOOHQJHV�IRU�YDOLGDWLRQ
RI�PRGHOV�

,,,�%��$WPRVSKHULF�7UDQVSRUW�DQG�'HSRVLWLRQ�0RGHOV

7KH�HPLVVLRQ��WUDQVSRUW��WUDQVIRUPDWLRQ��DQG�GHSRVLWLRQ�RI�SROOXWDQWV�WR�WKH�*UHDW�:DWHUV
LV�D�FRPSOH[�VHULHV�RI�SURFHVVHV�LQYROYLQJ�GLIIHUHQW�SROOXWDQWV�WKDW�KDYH�GLIIHUHQW�EHKDYLRUV�LQ�DLU
DQG�ZDWHU�V\VWHPV��RYHU�YHU\�ODUJH�JHRJUDSKLF�DUHDV���7KHUHIRUH��QXPHURXV�PRGHOV��DV�ZHOO�DV
LQSXW�SDUDPHWHUV�IRU�WKHVH�PRGHOV��KDYH�EHHQ�DQG�FRQWLQXH�WR�EH�GHYHORSHG�RU�HYDOXDWHG�IRU
HVWLPDWLQJ�WKH�DWPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ�SURFHVVHV�IRU�WKH�YDULRXV�SROOXWDQWV
DVVRFLDWHG�ZLWK�WKH�*UHDW�:DWHUV�

�$WPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ�PRGHOV�DUH�XVHG�WR�

& 3UHGLFW�WKH�GLUHFWLRQ�DQG�GLVWDQFHV�SROOXWDQWV�ZLOO�WUDYHO�LQ�WKH�HQYLURQPHQW�

& 7HVW�K\SRWKHVHV�DERXW�FKDUDFWHUL]DWLRQV�RI�DWPRVSKHULF�WUDQVIRUPDWLRQV�DQG
UHPRYDO�

& $VVLVW�LQ�GHVLJQLQJ�PRQLWRULQJ�QHWZRUNV�IRU�HIILFLHQF\�DQG�VSHFLILF�DQDO\VHV��DQG
LQ�SODFLQJ�D�OLPLWHG�QXPEHU�RI�PRQLWRUV�HIIHFWLYHO\�

& 3URYLGH�FDOFXODWHG�HVWLPDWHV�WR�ILOO�VSDWLDO�DQG�WHPSRUDO�JDSV�LQ�PRQLWRULQJ
QHWZRUNV��WR�SURYLGH�D�VPRRWK�RU�FRKHUHQW�SLFWXUH�IRU�DQDO\VHV�

& 'HYHORS�UHODWLRQVKLSV�EHWZHHQ�VRXUFHV�DQG�UHFHSWRUV�RI�SROOXWDQWV��DQG

& (YDOXDWH�SURVSHFWLYH�SROOXWDQW�FRQWURO�VWUDWHJLHV�

7KLV�VHFWLRQ�GLVFXVVHV�GLIIHUHQW�W\SHV�RI�PRGHOV�UHODWHG�WR�DWPRVSKHULF�WUDQVSRUW�DQG
GHSRVLWLRQ�SURFHVVHV���5HVXOWV�IURP�DSSOLFDWLRQ�RI�VRPH�PRGHOV�SUHVHQWHG�LQ�WKLV�VHFWLRQ�DUH
GHVFULEHG�LQ�&KDSWHU�,9���7KH�PRGHOV�SUHVHQWHG�LQ�WKLV�VHFWLRQ�FDQ�EH�FODVVLILHG�LQ�WKUHH
FDWHJRULHV���PDVV�EDODQFH�PRGHOV��VRXUFH�DSSRUWLRQPHQW�WHFKQLTXHV��DQG�DLU�TXDOLW\�VLPXODWLRQ
PRGHOV���

0DVV�EDODQFH�PRGHOV�DQDO\]H�DOO�ZD\V�WKDW�SROOXWDQWV�FDQ�HQWHU�DQG�H[LW�D�ZDWHUERG\�
DQG�WKHLU�FRUUHVSRQGLQJ�DPRXQWV�RYHU�D�SHULRG�RI�WLPH��FRPPRQO\�UHIHUUHG�WR�DV�WKH�SROOXWDQW
ORDGLQJ����,Q�RWKHU�ZRUGV��PDVV�EDODQFH�PRGHOV�FRQVLGHU�WKH�PDVV��RU�ZHLJKW��RI�D�SROOXWDQW�WKDW
LV�H[FKDQJHG�DFURVV�LQWHUIDFHV�EHWZHHQ�DLU��ZDWHU��ODQG��DQG�VHGLPHQWV�DV�LQSXWV�DQG�RXWSXWV��WR
DVVHVV�WKH�UHODWLYH�ORDGLQJV�RI�D�SROOXWDQW�LQWR�D�ZDWHUERG\�E\�GLIIHUHQW�SDWKZD\V���

6RXUFH�DSSRUWLRQPHQW�WHFKQLTXHV�DWWHPSW�WR�OLQN�VRXUFHV�DQG�UHFHSWRUV�RI�SROOXWDQWV�RI
LQWHUHVW���3ULPDU\�VRXUFH�DSSRUWLRQPHQW�WHFKQLTXHV�LQFOXGH�GLVSHUVLRQ�PRGHOV��UHFHSWRU�PRGHOV��DQG
K\EULG�PRGHOV���'LVSHUVLRQ�PRGHOV�WUDFH�SROOXWDQWV�IURP�WKHLU�VRXUFHV�WR�WKH�DLU�DW�JLYHQ�ORFDWLRQV
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Mass Balance Models.   Estimate inputs and
outputs of a pollutant to a waterbody (i.e., total
amounts of a given pollutant that enter and exit a
water body by each of the various pathways). 

Source Apportionment Techniques.   Estimate
the relative contribution of different sources to air
pollutant levels at a specific receptor site (e.g., a
particular air mass over Lake Michigan on a
particular day).

Air Quality Simulation Models.   Use extensive
source emission inventories, meteorological data,
and algorithms to simulate processes such as
dispersion of pollutants in the atmosphere,
transformation of compounds, and deposition.

�H�J���D�ZDWHUERG\����5HFHSWRU�PRGHOV�WUDFH
SROOXWDQWV�LQ�WKH�DLU�DW�D�JLYHQ�ORFDWLRQ�EDFN
WR�SDUWLFXODU�VRXUFH�W\SHV���+\EULG�PRGHOV�DUH
VLPLODU�WR�UHFHSWRU�PRGHOV��EXW�DOVR
LQFRUSRUDWH�PHWHRURORJLFDO�GDWD��DQG�ZRUN
IURP�ERWK�WKH�VRXUFH�HQG�DQG�WKH�UHFHSWRU
HQG�RI�WKH�SROOXWDQW�WUDQVSRUW�DQDO\VLV���2QH
LPSRUWDQW�XQFHUWDLQW\�UHODWHG�WR�VRXUFH
DSSRUWLRQPHQW�WHFKQLTXHV�LV�WKH�ODFN�RI
FRPSOHWH�DQG�UHOLDEOH�LQSXW�GDWD��VXFK�DV�WKH
FRPSRVLWLRQ�DQG�HPLVVLRQV�RI�VRPH�SROOXWDQW
VRXUFHV���,Q�DGGLWLRQ��VRXUFH�DSSRUWLRQPHQW
WHFKQLTXHV�FDQQRW�EH�DSSOLHG�ZHOO�IRU�DLU
SROOXWDQWV�WKDW�DUH�ZLGHVSUHDG�LQ�WKH
HQYLURQPHQW��WUDYHO�RYHU�ORQJ�GLVWDQFHV�
DQG�RU�DUH�HPLWWHG�LQ�ODUJH�TXDQWLWLHV�IURP
QDWXUDO�VRXUFHV�RU�EURDG�DUHD�VRXUFHV���$�UHYLHZ�RI�VRXUFH�DSSRUWLRQPHQW�WHFKQLTXHV�IRU�RUJDQLF
FRPSRXQGV��ZLWK�VSHFLDO�HPSKDVLV�RQ�WKH�*UHDW�:DWHUV��LV�SUHVHQWHG�E\�.HHOHU�HW�DO���������

$LU�4XDOLW\�6LPXODWLRQ�0RGHOV��$460V��DUH�XVHG�WR�FKDUDFWHUL]H�ERWK�WKH�WUDQVSRUW�DQG
GHSRVLWLRQ�RI�SROOXWDQWV���$V�LQSXW�GDWD��WKHVH�PRGHOV�XVH�H[WHQVLYH�VRXUFH�HPLVVLRQ�LQYHQWRULHV
DQG�PHWHRURORJLFDO�GDWD���$460V�LQFOXGH�DOJRULWKPV�WR�VLPXODWH�SURFHVVHV�VXFK�DV�GLVSHUVLRQ�RI
SROOXWDQWV�LQ�WKH�DWPRVSKHUH��WUDQVIRUPDWLRQ�RI�FRPSRXQGV��DQG�GHSRVLWLRQ���7KH�PRGHOV
�UHVXOWV
W\SLFDOO\�LQFOXGH�DLU�FRQFHQWUDWLRQV�DQG�GHSRVLWLRQ�UDWHV�RI�SROOXWDQWV�RYHU�D�JLYHQ�DUHD�IRU�D
VSHFLILHG�SHULRG�RI�WLPH���$OWKRXJK�FRPSUHKHQVLYH��$460V�DUH�OLPLWHG�E\�WKH�TXDOLW\�RI�LQSXW
GDWD��WKH�FRPSXWDWLRQDO�GLIILFXOWLHV�RI�WKHLU�DOJRULWKPV��DQG�WKH�PRGHOLQJ�RI�VRPH�SURFHVVHV��H�J��
DLU�VXUIDFH�H[FKDQJH��

7KH�UHPDLQGHU�RI�WKLV�VHFWLRQ�SUHVHQWV�DGGLWLRQDO�LQIRUPDWLRQ�RQ�VSHFLILF�DSSOLFDWLRQV�RI
WKH�PRGHO�W\SHV�PHQWLRQHG�DERYH��HVSHFLDOO\�WKRVH�WKDW�KDYH�EHHQ�UHFHQWO\�DSSOLHG�WR�*UHDW
:DWHUV�VWXGLHV���7KH�IROORZLQJ�VXEVHFWLRQV�IRFXV�RQ�PDVV�EDODQFH�PRGHOV��UHFHSWRU�PRGHOV��DQG
$460V�

0DVV�%DODQFH�0RGHOV

�$�PDVV�EDODQFH�PRGHO�SURYLGHV�WKH�HVVHQWLDO�IUDPHZRUN�IRU�GHWHUPLQLQJ�WKH�UHODWLYH
FRQWULEXWLRQ�RI�SROOXWDQW�ORDGLQJV�IURP�YDULRXV�PHFKDQLVPV�RI�LQSXW��H�J���GLUHFW�GLVFKDUJH��ULYHU
LQSXW��DWPRVSKHULF�GHSRVLWLRQ��DQG�RXWSXW��H�J���VHGLPHQWDWLRQ��YRODWLOL]DWLRQ��RXWIORZ��WR�DQG
IURP�D�ZDWHUERG\���0DVV�EDODQFH�PRGHOV�DUH�DOVR�KHOSIXO�WR�UHODWH�FRQFHQWUDWLRQ�PHDVXUHPHQWV
WR�SROOXWDQW�PDVV�IOX[HV�EHWZHHQ�GLIIHUHQW�PHGLD��DLU��ZDWHUERGLHV��ODQG�VXUIDFH��DQG�WR�PDVV�RI�D
FRQWDPLQDQW�LQ�GLIIHUHQW�HQYLURQPHQWDO��SRROV���H�J���D�ZDWHUERG\��D�ODQG�UHJLRQ����$V�LQWURGXFHG
LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��ZKHQ�UHOLDEOH�LQIRUPDWLRQ�LV�DYDLODEOH�IRU�FRQWULEXWLRQV�IURP�WKH
YDULRXV�VRXUFHV��PDVV�EDODQFH�PRGHOV�PD\�EH�XVHG�WR�HVWLPDWH�WKH�LPSRUWDQFH�RI�DWPRVSKHULF
GHSRVLWLRQ��RU�DQ\�RWKHU�PHFKDQLVP��LQ�FDXVLQJ�FRQWDPLQDWLRQ�RI�D�ZDWHUERG\���0DVV�EDODQFH
PRGHOV�XVXDOO\�DUH�JRRG�DW�UHFRJQL]LQJ�VL]DEOH�SROOXWDQW�VRXUFHV�DQG�UHFHSWRUV��EXW�RIWHQ�ODFN�WKH
UHVROXWLRQ�QHHGHG�WR�GHDO�ZLWK�PXOWLSOH�VPDOOHU�VRXUFHV�WKDW�E\�WKHPVHOYHV�DUH�QRW�VLJQLILFDQW�
EXW�DGGHG�WRJHWKHU�FRXOG�EH�LPSRUWDQW�LQ�VRPH�VLWXDWLRQV�
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Receptor Model for Great Waters

A project on atmospheric deposition in the
Great Waters, entitled Atmospheric Exchange
Over Lakes and Oceans (AEOLOS), was started in
1993 by EPA and scientists from the Universities
of Minnesota, Michigan, Maryland, Delaware, and
the Illinois Institute of Technology.  The objectives
of this 4-year research program are to determine: 
(1) the dry depositional fluxes of critical urban
contaminants to northern Chesapeake Bay off
Baltimore and southern Lake Michigan off Chicago;
(2) the contributions of urban source categories to
measured atmospheric concentrations and
deposition; and (3) the air-water exchange of
contaminants and their partitioning into aquatic
phases.  The contaminants being studied include
mercury, trace metals, PAHs, and PCBs. 
Techniques involve using all three modeling
approaches described below -- CMB, PCA, and
trajectory analyses.  Research is expected to be
published in 1998.

0DVV�EDODQFH�VWXGLHV�KDYH�SURYLGHG�LQVLJKWV�RQ�DWPRVSKHULF�GHSRVLWLRQ�LVVXHV�UHOHYDQW�WR
WKH�*UHDW�:DWHUV���$�UHYLHZ�RI�VWXGLHV�RQ�UHODWLYH�DWPRVSKHULF�ORDGLQJV�RI�WR[LF�FRQWDPLQDQWV
DQG�QLWURJHQ�WR�WKH�*UHDW�:DWHUV�LV�SUHVHQWHG�E\�%DNHU�HW�DO�����������7KHVH�VWXGLHV�KDYH�SURYLGHG
TXDQWLWDWLYH�HVWLPDWHV�LQGLFDWLQJ�WKDW�������DWPRVSKHULF�GHSRVLWLRQ�FDQ�EH�WKH�PDLQ�FRQWULEXWRU�RI
WR[LF�FKHPLFDO�FRQWDPLQDWLRQ�DQG�QLWURJHQ�HQULFKPHQW�WR�WKH�*UHDW�:DWHUV��DOWKRXJK
XQFHUWDLQWLHV�VWLOO�H[LVW������WKH�LPSRUWDQFH�RI�DWPRVSKHULF�ORDG�IRU�D�VSHFLILF�SROOXWDQW�LQ�D�JLYHQ
ZDWHUERG\�GHSHQGV�RQ�FKDUDFWHULVWLFV�RI�WKH�ZDWHUERG\��FKHPLFDO�SURSHUWLHV��DQG�VRXUFH
ORFDWLRQV��DQG�����FKHPLFDOV�PD\�F\FOH�EHWZHHQ�VRLO��DLU��ZDWHU��DQG�ELRWD�IRU�PDQ\�\HDUV���

7KH�)LUVW�5HSRUW�WR�&RQJUHVV�SUHVHQWHG�PDVV�EDODQFH�FDVH�VWXGLHV�IRU�VRPH�*UHDW�:DWHUV
SROOXWDQWV�RI�FRQFHUQ��VXFK�DV�3&%V�LQ�/DNH�6XSHULRU��PHUFXU\�LQ�ODNHV�LQ�:LVFRQVLQ��DQG
QLWURJHQ�LQ�WKH�FRDVWDO�ZDWHUV�RI�VHYHUDO�$WODQWLF�VWDWHV���&RQVLGHUDEOH�UHVHDUFK�FRQWLQXHV�RQ�WKH
GHYHORSPHQW�DQG�XVH�RI�PDVV�EDODQFH�PRGHOV�IRU�WKH�SROOXWDQWV�RI�FRQFHUQ�LQ�WKH�*UHDW�:DWHUV��
7KH�/DNH�0LFKLJDQ�0DVV�%DODQFH�6WXG\��DQ�(3$�VSRQVRUHG�UHVHDUFK�SURMHFW��LV�UHVSRQVLEOH�IRU�D
FRPSUHKHQVLYH�VDPSOLQJ�HIIRUW�LQ�/DNH�0LFKLJDQ��LQFOXGLQJ�PHDVXUHPHQWV�RI�SROOXWDQWV�VXFK�DV
3&%V��WUDQV�QRQDFKORU��D�FRPSRQHQW�RI�WHFKQLFDO�JUDGH�FKORUGDQH���PHUFXU\��DQG�DWUD]LQH�LQ�WKH
DWPRVSKHUH��WULEXWDULHV��RSHQ�ODNH�ZDWHU��VHGLPHQWV��DQG�IRRG�FKDLQ��ILVK�WLVVXH����6DPSOHV
FROOHFWHG�RYHU�D�WZR�\HDU�SHULRG�������������IRU�PRGHOLQJ�ZLOO�EH�XVHG�WR�LPSURYH�XQGHUVWDQGLQJ
RI�NH\�HQYLURQPHQWDO�SURFHVVHV�WKDW�JRYHUQ�F\FOLQJ�DQG�ELRDYDLODELOLW\�RI�FRQWDPLQDQWV�ZLWKLQ
WKH�/DNH�0LFKLJDQ�HFRV\VWHP���7KH�DSSURDFK�PRGLILHV�WKH�FODVVLF�PDVV�EDODQFH�ZLWKLQ�D�FORVHG
V\VWHP�WR�FRQVLGHU�LQSXWV�IURP�WUDQVSRUW��LQFOXGLQJ�ORQJ�UDQJH�WUDQVSRUW���$QDO\VLV�RI�VRPH
VHOHFWHG�PRGHOLQJ�UXQV�LV�H[SHFWHG�LQ��������$�PRUH�GHWDLOHG�GLVFXVVLRQ�RI�WKLV�PDVV�EDODQFH
SURMHFW�LV�GHVFULEHG�LQ�6HFWLRQ�,9�$�

5HFHSWRU�0RGHOV

5HFHSWRU�PRGHOV��ZKLFK�DUH�RQH�W\SH
RI�VRXUFH�DSSRUWLRQPHQW�WHFKQLTXH��WUDFH
SROOXWDQWV�LQ�WKH�DLU�DW�YDULRXV�ORFDWLRQV��VXFK
DV�RYHU�D�ZDWHUERG\��EDFN�WR�SDUWLFXODU�VRXUFH
W\SHV�LQ�RUGHU�WR�HVWLPDWH�WKH�FRQWULEXWLRQ�WR
SROOXWDQW�OHYHOV�IURP�D�JURXS�RI�VRXUFHV�ZLWK
VLPLODU�HPLVVLRQV���7KLV�W\SH�RI�PRGHO�GRHV
QRW�XVH�WKH�GHWDLOHG�PHWHRURORJLFDO�GDWD�RU
H[WHQVLYH�HPLVVLRQ�LQYHQWRULHV�XVHG�LQ�DLU
TXDOLW\�VLPXODWLRQ�PRGHOV���5HFHSWRU�PRGHOV
DVVXPH�WKDW�FKHPLFDOV�RI�FRQFHUQ�DUH�DIIHFWHG
LQ�WKH�VDPH�ZD\�E\�DOO�RI�WKH�SURFHVVHV
LQYROYHG�LQ�SROOXWDQW�WUDQVSRUW�DQG
GLVSHUVLRQ���7KLV�LV�D�SDUWLFXODUO\�XVHIXO
DVVXPSWLRQ��EXW�LW�SUHVHQWV�VRPH�GLIILFXOWLHV
ZKHQ�FORXGV�DUH�SUHVHQW��ZKHQ�SUHFLSLWDWLRQ
RFFXUV��RU�ZKHQ�H[WHQVLYH�FKHPLFDO
WUDQVIRUPDWLRQV�RI�D�SROOXWDQW�DUH�NQRZQ�WR
RFFXU���$�OLPLWDWLRQ�RI�WKH�UHFHSWRU�PRGHOV�LV
WKH�ODFN�RI�DGHTXDWH��VRXUFH�SURILOH��GDWD�
ZKLFK�DOORZ�DLU�SROOXWLRQ�WR�EH�OLQNHG�WR�D
SDUWLFXODU�VRXUFH�W\SH���6RXUFH�SURILOHV�UHIHU�WR��VLJQDWXUHV��RU��ILQJHUSULQWV��RI�HPLVVLRQV�IURP�D
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Trajectory Clustering Technique
in the Great Lakes

To determine the sources of mercury
deposition to the Great Lakes Basin, a regional
network of 10 monitoring sites was established in
1993 by EPA and the University of Michigan to
measure atmospheric mercury over several years. 
The sampling will continue into 1997.  Data will be
analyzed, using an improved trajectory clustering
technique, to determine the sources and source
areas most responsible for mercury deposition to
the Great Lakes.

Source:  Burke and Keeler 1995.

W\SH�RU�FDWHJRU\�RI�VRXUFHV��WKHVH�SURILOHV�DUH�GHWHUPLQHG�WKURXJK�VDPSOHV�WDNHQ�IURP�WKH�DFWXDO
HPLVVLRQV��L�H���IURP�WKH��VPRNHVWDFNV���IROORZHG�E\�DQDO\VHV�FRPSDULQJ�WKH�FKHPLFDO�VLJQDWXUH
WR�WKRVH�RI�RWKHU�FDWHJRULHV�RI�VRXUFHV���'HVSLWH�WKH�OLPLWDWLRQV�RI�UHFHSWRU�PRGHOV��WKHVH�PRGHOV
SURYLGH�XVHIXO�LQVLJKWV�LQWR�FRQWDPLQDQW�WUDQVSRUW�WR�WKH�*UHDW�:DWHUV��VHH�VLGHEDU�RQ�WKH
SUHYLRXV�SDJH��

6RPH�UHFHSWRU�PRGHO�W\SHV�LQFOXGH�

® &KHPLFDO�PDVV�EDODQFH��&0%����7KH�&0%�PRGHO�DVVXPHV�WKDW�HPLVVLRQ�FKDUDFWHULVWLFV��L�H��
FKHPLFDO�DQG�HOHPHQWDO�FRPSRVLWLRQ��SK\VLFDO�VL]H��PRUSKRORJ\��RI�YDULRXV�VRXUFH�W\SHV
DUH�VXIILFLHQWO\�GLIIHUHQW�IURP�RQH�DQRWKHU�WKDW�WKHLU�FRQWULEXWLRQV�WR�D�UHFHSWRU�PD\�EH
LGHQWLILHG�E\�PHDVXULQJ�WKH�FKDUDFWHULVWLFV�LQ�VDPSOHV�FROOHFWHG�DW�WKH�VLWH���7KH�REVHUYHG
FRQFHQWUDWLRQ�SDWWHUQ�RI�DQ�DPELHQW�VDPSOH�DW�WKH�UHFHSWRU�VLWH�LV�HTXDWHG�WR�D�OLQHDU
FRPELQDWLRQ�RI�WKH�DSSURSULDWH�SROOXWDQW�VRXUFH�SDWWHUQV��HDFK�ZHLJKWHG�E\�DQ�XQNQRZQ
VRXUFH�VWUHQJWK�WHUP���7KH�SULPDU\�DSSOLFDWLRQ�RI�WKH�&0%�PRGHO�KDV�EHHQ�WR�XUEDQ�DUHDV
VXFK�DV�&KLFDJR�DQG�%DOWLPRUH���&0%�PRGHOV�DVVXPH�FRPSRVLWLRQ�RI�DOO�FRQWULEXWLQJ
VRXUFHV�DUH�NQRZQ��DQG�ZKHQ�WKLV�LV�QRW�WKH�FDVH�WKH�XVHV�RI�WKH�PRGHO�DUH�OLPLWHG�

® 3ULQFLSDO�FRPSRQHQW�DQDO\VLV��3&$����7KH�REMHFWLYH�RI�3&$�LV�WR�XVH�PDWKHPDWLFDO�DQDO\VHV
WR�ILQG�D�PLQLPXP�QXPEHU�RI�IDFWRUV��RU�VRXUFH�FDWHJRULHV��WKDW�H[SODLQ�PRVW�RI�WKH
YDULDQFH�LQ�D�VHW�RI�PHDVXUHPHQWV�IURP�D�UHFHSWRU�VLWH��LQVWHDG�RI�XVLQJ�DOO�VRXUFHV�DV�LQ
WKH�&0%�PRGHOV���7KH�QXPEHU�RI�VWDWLVWLFDOO\�VLJQLILFDQW�IDFWRUV�LV�XVXDOO\�IRXQG�WR�EH�VL[
RU�OHVV���3&$�LV�RIWHQ�OLPLWHG�EHFDXVH�LW�ODFNV�ILQH�UHVROXWLRQ�RI�FRQWULEXWLRQ�IURP�YDULRXV
GLVWDQW�VRXUFHV���$Q�DGYDQWDJH�RI�3&$�LV�WKDW�DQFLOODU\�PHDVXUHPHQWV��H�J���ZLQG�VSHHG�
ZLQG�GLUHFWLRQ��UHODWLYH�KXPLGLW\��PD\�EH�LQFRUSRUDWHG�LQWR�WKH�DQDO\VLV�DORQJ�ZLWK
SROOXWDQW�FRQFHQWUDWLRQV�

® 7UDMHFWRU\�FOXVWHULQJ���,Q�WKHVH�PRGHOV�
D�EDFN�WUDMHFWRU\�LV�FRPSXWHG�XVLQJ
ZLQG�GDWD��DQG�WKH�VSDWLDO�SUREDELOLW\
RI�DQ�DLU��SDUFHO��UHDFKLQJ�D�SDUWLFXODU
UHFHSWRU�VLWH�DW�D�SDUWLFXODU�WLPH�LV
FDOFXODWHG���8QGHU�GLIIHUHQW
PHWHRURORJLFDO�FRQGLWLRQV��DOO
SRWHQWLDO�WUDMHFWRULHV�DQG�FRQFXUUHQW
SROOXWDQW�PHDVXUHPHQWV�DUH�JURXSHG
LQWR�D�PRUH�PDQDJHDEOH�VHW�RI�VRXUFH
FOXVWHUV�DQG�UHJLRQV���$�YDULDQW�RI�WKLV
DSSURDFK�LV�EHLQJ�XVHG�WR�DVVHVV
PHUFXU\�GHSRVLWLRQ�LQ�WKH�*UHDW�/DNHV
EDVLQ��VHH�VLGHEDU��

$LU�4XDOLW\�6LPXODWLRQ�0RGHOV

$LU�TXDOLW\�VLPXODWLRQ�PRGHOV��$460V��DUH�XVHG�WR�FKDUDFWHUL]H�WKH�HPLVVLRQ��WUDQVSRUW�
DQG�GHSRVLWLRQ�RI�KD]DUGRXV�DLU�SROOXWDQWV�RYHU�ODUJH�JHRJUDSKLF�DUHDV���7KHVH�PRGHOV
LQFRUSRUDWH�IDLUO\�H[WHQVLYH�VRXUFH�HPLVVLRQ�LQYHQWRULHV�DQG�PHWHRURORJLFDO�GDWD�EDVHV��H�J��
ZLQG�ILHOGV��WHPSHUDWXUH��PL[LQJ�KHLJKW���DQG�DSSO\�WKH�FROOHFWHG�GDWD�WR�VLPXODWHG�SURFHVVHV
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A Model for Assessing Atmospheric
Deposition to the Great Waters

EPA has recently developed a new modeling tool
for the assessment of atmospheric deposition of
pollutants to the Great Waters.  The Regulatory
Modeling System for Aerosols and Deposition
(REMSAD) is a work station-based Eulerian model
intended for use in assessing the impacts of regulatory
activities, such as the MACT standards, on loadings of
pollutants of concern to the Great Waters.  REMSAD is
currently capable of simulating short-, medium-, and
long-range transport and deposition of cadmium,
dioxins, mercury, and POM.  Nitrate deposition
distributions have been produced through REMSAD
simulation, but have not yet been compared to other
models such as RADM.  Other pollutants, including
other toxics, be incorporated in future work.  Initial
model demonstration and evaluation will be completed
during 1997.  The model is currently available on the
OAQPS Support Center for Regulatory Air Models
(SCRAM) bulletin board.

VXFK�DV�GLVSHUVLRQ��WUDQVIRUPDWLRQ��DQG�GHSRVLWLRQ���7KH�PRGHOV�DUH�UXQ�WR�JHQHUDWH�HVWLPDWHV�RI
SROOXWDQW�FRQFHQWUDWLRQV�DQG�GHSRVLWLRQ�UDWHV�RYHU�D�VSDWLDO�DQG�WHPSRUDO�SDWWHUQ���$460V�DUH
EDVHG�RQ�WZR�DSSURDFKHV���,Q�RQH�DSSURDFK��FKDUDFWHULVWLFV�RU�SURSHUWLHV�RI�DLU�DUH�DVVLJQHG�WR
IL[HG�SRLQWV�LQ�VSDFH�DW�D�JLYHQ�WLPH���7KH�VHFRQG�DSSURDFK�LV�EDVHG�RQ�D�WZR��RU�WKUHH�
GLPHQVLRQDO�JULG�V\VWHP�IRU�WKH�JHRJUDSKLFDO�SDWWHUQ�RI�LQWHUHVW��DQG�DOO�WKH�IXQGDPHQWDO
SURFHVVHV��H�J���HPLVVLRQV��FKHPLFDO�DQG�SK\VLFDO�WUDQVIRUPDWLRQV��GHSRVLWLRQ��RI�GLVFUHWH�DLU
SDUFHOV�DUH�FRQVLGHUHG�WR�RFFXU�ZLWKLQ�WKH�LQGLYLGXDO�JULGV�RU�ER[HV�

7KH�PDWKHPDWLFDO�UHODWLRQVKLSV�EHWZHHQ�HPLVVLRQV�DQG�FRQFHQWUDWLRQ��RU�GHSRVLWLRQ��DUH
W\SLFDOO\�QRQOLQHDU��GXH�WR�WKH�LQIOXHQFHV�RI�DWPRVSKHULF�WUDQVSRUW��FKHPLFDO�DQG�SK\VLFDO
WUDQVIRUPDWLRQ��DQG�GHSRVLWLRQ�SURFHVVHV���$460V�DWWHPSW�WR�PRGHO�WKH�QRQOLQHDU�SK\VLFDO�DQG
FKHPLFDO�SURFHVVHV�LQIOXHQFLQJ�DWPRVSKHULF�FRQFHQWUDWLRQV�DQG�GHSRVLWLRQ���$460V�PD\�EH
XVHIXO�WRROV�LQ�SURYLGLQJ�WKH�DQDO\WLFDO�IUDPHZRUN�UHTXLUHG�WR�SUHGLFW�WKH�HQYLURQPHQWDO�LPSDFWV
RI�SURSRVHG�HPLVVLRQ�FRQWURO�SURJUDPV�DQG��FRQVHTXHQWO\��SHUIRUPLQJ�ERWK�VFLHQWLILF�DQG
UHJXODWRU\�DVVHVVPHQWV���

7KLV�VHFWLRQ�GHVFULEHV�WZR�RI�WKH
YDULRXV�$460V�WKDW�KDYH�EHHQ�GHYHORSHG
DQG�SHHU�UHYLHZHG�LQ�UHFHQW�\HDUV��WKH
5HJLRQDO�/DJUDQJLDQ�0RGHO�RI�$LU
3ROOXWLRQ��5(/0$3��DQG�WKH�5HJLRQDO
$FLG�'HSRVLWLRQ�0RGHO��5$'0����7KHVH
WZR�PRGHOV��DPRQJ�RWKHUV�SUHVHQWHG�LQ
6HFWLRQ�,,,�&��KDYH�EHHQ�XVHG�LQ�*UHDW
:DWHUV�VWXGLHV��DQG�WKHLU�UHVXOWV�DUH
SUHVHQWHG�LQ�&KDSWHU�,9���$QRWKHU�PRGHO
EHLQJ�GHYHORSHG�IRU�DSSOLFDWLRQ�WR
DWPRVSKHULF�GHSRVLWLRQ�LQ�WKH�*UHDW
:DWHUV�LV�GLVFXVVHG�LQ�WKH�VLGHEDU�

5(/0$3�LV�XVHG�WR�VLPXODWH�WKH
HPLVVLRQ��WUDQVSRUW��DQG�GLIIXVLRQ�RI
SROOXWDQWV��WKHLU�FKHPLFDO
WUDQVIRUPDWLRQV��DQG�ZHW�DQG�GU\
GHSRVLWLRQ���7KH�PRGHO�ZDV�RULJLQDOO\
GHVLJQHG�IRU�VXOIXU�DQDO\VLV��WKH�8VHU
V
*XLGH�LV�SUHVHQWHG�LQ�(GHU�HW�DO������������,W
KDV�DOVR�EHHQ�DSSOLHG�WR�PHUFXU\�DQG�RWKHU�WR[LF�PHWDOV��%XOORFN�HW�DO��������&ODUN�HW�DO��������
DPRQJ�RWKHUV���)RU�H[DPSOH��WKH�JRDO�RI�RQH�VWXG\�ZDV�WR�GHWHUPLQH�WKH�H[WHQW�RI�PHUFXU\
HPLVVLRQV�WR�DLU�LQ�WKH�8QLWHG�6WDWHV�RYHU�DQ�HQWLUH�\HDU��WKH�GHSRVLWLRQ�WR�8�6��VRLO�DQG
ZDWHUERGLHV��DQG�WKH�FRQWULEXWLRQ�E\�VRXUFH�FDWHJRU\�WR�WKH�WRWDO�DPRXQW�RI�PHUFXU\�HPLWWHG
DQG�GHSRVLWHG�ZLWKLQ�WKH�8QLWHG�6WDWHV��%XOORFN�HW�DO����������6HFWLRQ�,,,�&�SUHVHQWV�UHOHYDQW
DSSOLFDWLRQV�DQG�OLPLWDWLRQV�RI�WKLV�PRGHO�

5$'0�KDV�EHHQ�GHYHORSHG�RYHU�WKH�ODVW�WHQ�\HDUV�XQGHU�WKH�1DWLRQDO�$FLG�3UHFLSLWDWLRQ
$VVHVVPHQW�3URJUDP��1$3$3��WR�DGGUHVV�SROLF\�DQG�WHFKQLFDO�LVVXHV�DVVRFLDWHG�ZLWK�DFLGLF
GHSRVLWLRQ��&KDQJ�HW�DO��������'HQQLV�HW�DO����������7KH�YHUVLRQ�RI�5$'0�XVHG�IRU�1$3$3�PRGHOV
DQ�DUHD�HDVW�RI�&HQWUDO�7H[DV�DQG�VRXWK�RI�-DPHV�%D\��&DQDGD��WR�WKH�VRXWKHUQ�WLS�RI�)ORULGD���7KLV
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DUHD�LV�GLYLGHG�LQ�D�JULG��DQG�IRU�HDFK�JULG�FHOO�WKH�PRGHO�FRQVLGHUV�SROOXWDQW�HPLVVLRQV��WUDQVSRUW
LQ�DQG�RXW�RI�WKH�FHOO��WXUEXOHQW�PRWLRQ�LQ�WKH�DWPRVSKHUH��FKHPLFDO�UHDFWLRQV�WKDW�SURGXFH�RU
GHSOHWH�WKH�FKHPLFDO��YHUWLFDO�WUDQVSRUW�E\�FORXGV��DQG�UHPRYDO�E\�GU\�GHSRVLWLRQ���5$'0�LV
GHVLJQHG�WR�PRGHO�����FKHPLFDO�UHDFWLRQV�DPRQJ����SROOXWDQWV�����RI�ZKLFK�DUH�RUJDQLF
FRPSRXQGV���$�IHDWXUH�RI�5$'0�LV�WKH�VLPXOWDQHRXV�PRGHOLQJ�RI�VXOIXU�DQG�QLWURJHQ�GHSRVLWLRQ��
7KLV�LV�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�EHFDXVH�WKH�DPRXQW�RI�VXOIXU�GLR[LGH��62 ��SUHVHQW�LQ�WKH�

DWPRVSKHUH�DIIHFWV�WKH�IRUPDWLRQ�RI�ERWK�VXOIDWHV�DQG�QLWUDWHV�DQG�WKXV��WKH�DPRXQW�DQG�VSDWLDO
GLVWULEXWLRQ�RI�QLWURJHQ�GHSRVLWHG�EDFN�WR�ZDWHUERGLHV���5$'0�LV�DOVR�XVHIXO�IRU�DQDO\]LQJ�ORQJ�
UDQJH�WUDQVSRUW�LVVXHV��EXW�LW�LV�YHU\�FRPSOH[�FRPSXWDWLRQDOO\���5HFHQWO\��LW�KDV�EHHQ�DSSOLHG�WR
WKH�VWXG\�RI�QLWURJHQ�GHSRVLWLRQ�LQ�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG��'HQQLV������� ��7KH�UHVXOWV�RI�

WKLV�VWXG\�DUH�SUHVHQWHG�LQ�6HFWLRQ�,9�&���7KH�OLPLWDWLRQV�RI�WKLV�VWXG\��DV�ZHOO�DV�PRUH
EDFNJURXQG�LQIRUPDWLRQ�RQ�5$'0��DUH�SUHVHQWHG�LQ�'HQQLV��������

$460V�DUH�OLPLWHG�E\�WKH�TXDOLW\�RI�WKH�DOJRULWKPV�XVHG�WR�VLPXODWH�YDULRXV�SURFHVVHV
DIIHFWLQJ�SROOXWDQWV�RI�LQWHUHVW��H�J���FKHPLFDO�WUDQVIRUPDWLRQ��GHSRVLWLRQ���TXDOLW\�RI�LQSXW�GDWD
�H�J���HPLVVLRQV��PHWHRURORJ\���DQG�ODFN�RU�LQDGHTXDF\�RI�PRGHOLQJ�RI�FHUWDLQ�SURFHVVHV��H�J��
DLU�ZDWHU�JDV�H[FKDQJH����7KH�TXDQWLW\�DQG�TXDOLW\�RI�DYDLODEOH�LQSXW�GDWD�LV�DQ�LPSRUWDQW�OLPLWLQJ
IDFWRU�LQ�WKH�DSSOLFDWLRQ�RI�$460V��HVSHFLDOO\�IRU�DWPRVSKHULF�SROOXWDQWV��VXFK�DV�PDQ\
SHVWLFLGHV�DQG�3&%V��WKDW�KDYH�UHODWLYHO\�SRRUO\�GHYHORSHG�HPLVVLRQ�LQYHQWRULHV��RU�IRU�ZKLFK�UH�
HPLVVLRQ�DQG�HQYLURQPHQWDO�F\FOLQJ�DUH�VLJQLILFDQW���

(IIRUWV�VSRQVRUHG�E\�WKH�*UHDW�:DWHUV�SURJUDP�DUH�XQGHUZD\�WR�LPSURYH�WKH�TXDOLW\�RI
HPLVVLRQ�HVWLPDWHV�IRU�WKH�+$3V��ZKLFK�KLVWRULFDOO\�KDYH�EHHQ�LQYHQWRULHG�RQO\�LQ�D�IHZ�SODFHV
DQG�IRU�VKRUW�WLPH�LQWHUYDOV���,Q�RQH�HIIRUW��WKH�HLJKW�VWDWHV�WKDW�ERUGHU�WKH�*UHDW�/DNHV�KDYH
ZRUNHG�WRJHWKHU��ZLWK�(3$��WR�GHYHORS�DQ�DSSURYHG�SURWRFRO�IRU�D�FRRUGLQDWHG�HPLVVLRQ
LQYHQWRU\�RI����+$3V��LQFOXGLQJ�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�RWKHU�WKDQ�SHVWLFLGHV��
7KH�LQYHQWRULHV�IRU�SRLQW�VRXUFHV�DQG�DUHD�VRXUFHV��DV�ZHOO�DV�PRELOH�VRXUFHV��VKRXOG�EH
FRPSOHWHG�E\�������������7KH�GDWD�DUH�VWRUHG�LQ�D�UHJLRQDO�GDWD�EDVH�V\VWHP��WKH�5HJLRQDO�$LU
3ROOXWDQW�,QYHQWRU\�'HYHORSPHQW�6\VWHP��RU�5$3,'6��GHYHORSHG�IRU�WKLV�SURMHFW���,Q�DQRWKHU
HIIRUW��(3$�LV�LQ�WKH�SURFHVV�RI�GHYHORSLQJ�QDWLRQDO�LQYHQWRULHV�RI�VRXUFHV�DQG�HPLVVLRQV�IRU
VHYHQ�VSHFLILF�+$3V��KH[DFKORUREHQ]HQH��DON\ODWHG�OHDG�FRPSRXQGV��3&%V��320��PHUFXU\�
��������7&''��DQG���������7&')��LQ�UHVSRQVH�WR�WKH�PDQGDWH�LQ�VHFWLRQ�����F�����RI�WKH�&$$��

,,,�&��&RPSDULQJ�0RGHOV�8VHG�LQ�*UHDW�:DWHUV�6WXGLHV

6HYHUDO�QXPHULFDO�DWPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ�PRGHOV�RU�PRGHOLQJ�VWUDWHJLHV
KDYH�EHHQ�DQG�FRQWLQXH�WR�EH�GHYHORSHG�DQG�XVHG�IRU�XQGHUVWDQGLQJ�GHSRVLWLRQ�RI�SROOXWDQWV�WR
WKH�*UHDW�:DWHUV���0RGHOV�KDYH�PDQ\�UROHV�LQ�(3$
V�DWPRVSKHULF�SURJUDPV�DQG�DUH�ZLGHO\�XVHG
WR�OLQN�HPLVVLRQV�GDWD��PHWHRURORJ\��UHFHSWRU�VLWHV��H�J���SHRSOH��RU�ODNHV��H[SRVHG�WR�SROOXWDQWV��
DQG�PRQLWRULQJ�RI�WKH�DPELHQW�DLU��LQ�FLWLHV��RU�RYHU�ODNHV�IRU�WKH�*UHDW�:DWHUV����1HZ�DSSURDFKHV
WR�PRGHOLQJ�KDYH�EHHQ�QHHGHG�WR�GHDO�ZLWK�WKH�SDUWLFXODU�FRPSOH[LWLHV�RI�WKH�LVVXHV�LQ�*UHDW
:DWHUV�VWXGLHV���7R�GLVFXVV�WKHVH�PRGHOV�DQG�WKHLU�DSSOLFDWLRQV�WR�WKH�*UHDW�:DWHUV�ZLWK�WKH
JHQHUDO�VFLHQWLILF�FRPPXQLW\��WKH�(3$�*UHDW�:DWHUV�SURJUDP�FR�VSRQVRUHG�D�VHVVLRQ�DW�WKH���WK
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DQQXDO�PHHWLQJ�RI�WKH�6RFLHW\�RI�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��6(7$&��LQ������RQ
�$WPRVSKHULF�'HSRVLWLRQ�RI�1XWULHQWV�	�&RQWDPLQDQWV�����)ROORZLQJ�WKDW�PHHWLQJ��WKH�SUHVHQWHUV
DQG�RWKHU�VFLHQWLVWV�SUHSDUHG�ZULWWHQ�FKDSWHUV�IRU�D�6(7$&�6SHFLDO�3XEOLFDWLRQ���$WPRVSKHULF
'HSRVLWLRQ�RI�&RQWDPLQDQWV�WR�7KH�*UHDW�/DNHV�DQG�&RDVWDO�:DWHUV��-�(��%DNHU��HGLWRU��%DNHU��������
7KLV�VHFWLRQ�EULHIO\�GHVFULEHV�WKH�PDLQ�DSSOLFDWLRQV�DQG�OLPLWDWLRQV�RI�WKH�PRGHOV�SUHVHQWHG�LQ
WKH�6(7$&�VHVVLRQ���7KLV�SUHVHQWDWLRQ�LV�QRW�LQWHQGHG�WR�EH�D�FRPSUHKHQVLYH�OLVW�RI�DOO�H[LVWLQJ
PRGHOV�DQG�WKHLU�XVHV��DV�WKH�GHYHORSPHQW�RI�WUDQVSRUW�DQG�GHSRVLWLRQ�PRGHOV�LV�D�YHU\�DFWLYH
UHVHDUFK�DUHD���7KH�GRFXPHQW�EDVHG�RQ�WKH�6(7$&�VHVVLRQ��%DNHU�������SURYLGHV�DQ�LQ�GHSWK
WHFKQLFDO�UHIHUHQFH�WKDW�VXSSOHPHQWV�WKH�LQIRUPDWLRQ�LQ�WKLV�UHSRUW���

7DEOH�,,,���VXPPDUL]HV�VRPH�RI�WKH�UHOHYDQW�PRGHOLQJ�HIIRUWV���7KHVH�PRGHOV�DUH�IXUWKHU
GLVFXVVHG�EHORZ��ZLWK�D�YHU\�EULHI�GHVFULSWLRQ�RI�WKH�PRGHO��LWV�DSSOLFDWLRQ�WR�*UHDW�:DWHUV
VWXGLHV��DQG�KRZ�WKH�PRGHO�FRPSDUHV�ZLWK�DFWXDO�PRQLWRULQJ�GDWD��IXUWKHU�LQIRUPDWLRQ�LV
SUHVHQWHG�LQ�%DNHU����������

7KH�ILUVW�PRGHOLQJ�HIIRUW�OLVWHG�LQ�7DEOH�,,,���LV�WKH�UHJLRQDO�VFDOH�DQDO\VLV�RI�QLWURJHQ
GHSRVLWLRQ�WR�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG��'HQQLV���������7KH�DQDO\VLV�ZDV�GHYHORSHG�XVLQJ
5$'0��GHVFULEHG�LQ�6HFWLRQ�,,,�%���7KH�RYHUDOO�JRDOV�RI�WKLV�VWXG\�DUH��ILUVW��WR�GHILQH�WKH�VRXUFH
UHJLRQ�WKDW�FRQWULEXWHV�PRVW�RI�WKH�QLWURJHQ�GHSRVLWLRQ�DIIHFWLQJ�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG
DQG��VHFRQG��WR�GHILQH�ZKLFK�VRXUFH�W\SHV�DUH�PRVW�UHVSRQVLEOH���7KH�PRGHOLQJ�UHVXOWV�LQGLFDWH
WKDW�WKH�UDQJH�RI�LQIOXHQFH�RI�QLWURJHQ�HPLVVLRQV�LV�RQ�WKH�RUGHU�RI�����NLORPHWHUV��NP���WKRXJK
WKLV�LV�FRQVLGHUHG�D�FRQVHUYDWLYH�HVWLPDWH��JLYHQ�WKH�PRGHO�ELDV�GHVFULEHG�LQ�WKH�VWXG\����7KH
PRGHO�LQGLFDWHV�WKDW�WKH�VRXUFH�UHJLRQ�IRU�QLWURJHQ�GHSRVLWLRQ�LQ�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG
LV�URXJKO\���������NP ��RU�PRUH�WKDQ�����WLPHV�ODUJHU�WKDQ�WKH�ZDWHUVKHG���'HQQLV��������DOVR�XVHV�

WKH�PRGHO�WR�DQDO\]H�WKH�VSDWLDO�GLVWULEXWLRQ�RI�QLWURJHQ�GHSRVLWLRQ�E\�HPLVVLRQ�VHFWRU���)RU
H[DPSOH��WKH�PRGHO�UHVXOWV�LQGLFDWH�WKDW�XWLOLW\�HPLVVLRQV�WHQG�WR�EH�PRUH�UHVSRQVLEOH�IRU
QLWURJHQ�GHSRVLWLRQ�WR�WKH�%D\�EDVLQV�WKHPVHOYHV��ZKLOH�PRELOH�HPLVVLRQV�DSSHDU�WR�LQIOXHQFH
GHSRVLWLRQ�WR�WKH�PRXWKV�RI�WKH�WULEXWDULHV�DQG�WKH�%D\�LWVHOI���$GGLWLRQDO�UHVXOWV�RI�WKLV�PRGHOLQJ
HIIRUW�DUH�SUHVHQWHG�LQ�6HFWLRQ�,9�&��DOWKRXJK�WKH�VWXG\�GRHV�QRW�SUHVHQW�DQ\�FRPSDULVRQ�WR
PRQLWRULQJ�GDWD���7KH�VWXG\�GRHV�KLJKOLJKW�WKH�LPSRUWDQFH�RI�DGGLWLRQDO�UHVHDUFK�RQ�WKH�ELDV�LQ
5$'0�IRU�QLWURJHQ�GHSRVLWLRQ�HVWLPDWHV��SURFHVVHV�VXFK�DV�IRUHVW�RU�WHUUHVWULDO�UHWHQWLRQ�RI
QLWURJHQ��DQG�WKH�FRPELQHG�XVH�RI�DLU�ZDWHU�PRGHOV�

�� 7KH�VHFRQG�PRGHOLQJ�DQDO\VLV�LQ�7DEOH�,,,���ORRNV�DW�ZHW�DQG�GU\�GHSRVLWLRQ�RI�VHPL�
YRODWLOH�RUJDQLF�FRPSRXQGV�DW�D�UHJLRQDO�VFDOH��ZLWK�HPSKDVLV�RQ�WKH�*UHDW�/DNHV��&KLQJ�HW�DO�
��������7KH�PRGHO�XVHG�LV�D�YHUVLRQ�RI�WKH�5HJLRQDO�3DUWLFXODWH�0RGHO��530���ZKLFK�LV�LWVHOI�D
PRGLILFDWLRQ�RI�5$'0�WKDW�FRPSXWHV�WKH�FKHPLFDO�FRPSRVLWLRQ�DQG�VL]H�GLVWULEXWLRQ�RI�WKH
VHFRQGDU\�VXOIXU�DQG�QLWURJHQ�VSHFLHV��%LQNRZVNL�DQG�6KDQNDU���������&KLQJ�HW�DO���������XVH
530�WR�DQDO\]H�WKH�VL]H��FKHPLFDO�FRPSRVLWLRQ��DQG�PRLVWXUH�FRQWHQW�RI�DLUERUQH�SDUWLFOHV�WKDW
VHUYH�DV�VLWHV�IRU�FRQGHQVDWLRQ�DQG�YRODWLOL]DWLRQ�RI�VHPL�YRODWLOH�RUJDQLF�FRPSRXQGV��
'HSRVLWLRQ�RI�VHPL�YRODWLOH�RUJDQLF�FRPSRXQGV�LV�WUDFNHG�LQ�WKH�PRGHO�DV�SURSRUWLRQDO�WR�SDUWLFOH
GHSRVLWLRQ���7KLV�PRGHOLQJ�HIIRUW�LV�D�VWHS�WRZDUG�WKH�XVH�RI�UHJLRQDO�VFDOH�PRGHOV�WR�FRPSXWH�DLU
FRQFHQWUDWLRQV�RI�WKHVH�SROOXWDQWV��DQG�WR�SURYLGH�EHQFKPDUN�WHVWLQJ�RI�VLPSOHU�DQG
FRPSXWDWLRQDOO\�OHVV�GHPDQGLQJ�PRGHOV���6RPH�FKDOOHQJHV�DKHDG�LQ�WKLV�OLQH�RI�PRGHOLQJ
LQFOXGH�EHWWHU�DOJRULWKPV�DQG�GDWD�RQ�DLU�ZDWHU�JDV�H[FKDQJH��WKH�UROH�RI�FORXGV�DV�ERWK
WUDQVSRUWHUV�DQG�FKHPLFDO�WUDQVIRUPHUV��DQG�PRGHOLQJ�RI�UHVXVSHQVLRQ�RI�SROOXWDQWV�IURP
GLIIHUHQW�ODQG�XVHV�
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$V�SUHVHQWHG�LQ�7DEOH�,,,����WKH�QXPHULFDO�PRGHOLQJ�RI�DWPRVSKHULF�PHUFXU\�E\�%XOORFN�HW
DO���������XVHV�WKH�PRGHO�5(/0$3��(GHU�HW�DO���������GHVFULEHG�LQ�6HFWLRQ�,,,�%��ZLWK�UHODWLYHO\
VLPSOH�PHUFXU\�SDUDPHWHUL]DWLRQV���$Q�HQWLUH�\HDU�RI�WUDQVSRUW�DQG�GHSRVLWLRQ�RI�DLUERUQH
PHUFXU\�ZDV�VLPXODWHG�RYHU�WKH�FRQWLQHQWDO�8QLWHG�6WDWHV���7KH�JRDOV�RI�WKLV�PRGHOLQJ�HIIRUW
ZHUH�WR�DQDO\]H�WKH�DPRXQW�RI�PHUFXU\�HPLWWHG�WR�WKH�DLU�DQQXDOO\�RYHU�WKH�8QLWHG�6WDWHV�WKDW�LV
GHSRVLWHG�EDFN�WR�8�6��VRLOV�DQG�ZDWHUERGLHV��WKH�FRQWULEXWLRQ�RI�PHUFXU\�E\�VRXUFH�FDWHJRU\�
DQG�WKH�LPSRUWDQFH�RI�ORQJ�UDQJH�WUDQVSRUW���7KH�5(/0$3�VLPXODWHG�DQQXDO�UHVXOWV�DJUHH�ZLWK
WKH�PDMRULW\�RI�WKH�OLPLWHG�DQQXDO�GHSRVLWLRQ�DQG�FRQFHQWUDWLRQ�GDWD�DYDLODEOH�DURXQG�WKH�*UHDW
/DNHV�DQG�LQ�)ORULGD��DV�ZHOO�DV�RWKHU�DUHDV��XVXDOO\�ZLWKLQ�D�IDFWRU�RI�WZR���6RPH�5(/0$3
HVWLPDWHV�RI�ZHW�GHSRVLWLRQ�RI�PHUFXU\�DUH�VRPHZKDW�KLJK�ZKHQ�FRPSDUHG�WR�DFWXDO
PHDVXUHPHQWV�DW�WKRVH�ORFDWLRQV���+RZHYHU��WKH�PRGHO�FDQQRW�EH�ZHOO�WHVWHG�RYHU�WKH�HQWLUH
PRGHO�GRPDLQ�ZLWKRXW�DQQXDO�REVHUYDWLRQV�LQ�D�ODUJH�QXPEHU�RI�DGGLWLRQDO�ORFDWLRQV���7KH
OLPLWDWLRQV�RI�WKLV�FXUUHQW�UHVHDUFK�HIIRUW��LQFOXGLQJ�PRGHOLQJ�RI�FHUWDLQ�PHWHRURORJLFDO
FRQGLWLRQV��DTXHRXV�FKHPLVWU\�RI�PHUFXU\��DQG�WUDQVSRUW�DQG�GLIIXVLRQ�PRGHOLQJ�DUH�SUHVHQWHG
LQ�%XOORFN�HW�DO�����������

3LUURQH�DQG�.HHOHU��������SURSRVH�D�K\EULG�UHFHSWRU�GHSRVLWLRQ�PRGHOLQJ�DSSURDFK�WR
HVWLPDWH�WKH�GU\�GHSRVLWLRQ�IOX[�DQG�DLU�ZDWHU�JDV�H[FKDQJH�RI�YDULRXV�+$3V�WR�/DNH�0LFKLJDQ��
7KH�DSSURDFK�FRPELQHV�PRGHOLQJ�RI�RYHU�ZDWHU�WUDQVSRUW�RI�DLU�PDVVHV�DQG�PRGHOLQJ�RI
GHSRVLWLRQ�DQG�JDV�H[FKDQJH���7KH�PRGHO�SDUDPHWHUV�ZHUH�FDOLEUDWHG�XVLQJ�GDWD�IURP�WKH�/DNH
0LFKLJDQ�8UEDQ�$LU�7R[LFV�6WXG\��/08$76��WR�ILQG�ERWK�WKH�WHPSRUDO�DQG�VSDWLDO�YDULDWLRQ�RI
FULWLFDO�SDUDPHWHUV�FRQWUROOLQJ�WKH�WUDQVSRUW�DQG�GHSRVLWLRQ�RI�DWPRVSKHULF�FRQWDPLQDQWV���7KH
UHVXOWV�RI�WKLV�VWXG\�LQGLFDWH�ODUJH�YDULDWLRQV�LQ�WKH�SDUDPHWHU�YDOXHV�DQG�KHQFH�WKH�XQFHUWDLQW\
DVVRFLDWHG�ZLWK�WKH�FRPPRQ�SUDFWLFH�RI�XVLQJ�FRQVWDQW�SDUDPHWHU�YDOXHV�IRU�PRGHOLQJ���7KH
ZRUN�E\�3LUURQH�DQG�.HHOHU��������GHPRQVWUDWHV�D�GLIIHUHQW�DSSURDFK�WR�HVWLPDWLQJ�VXUIDFH�IOX[
TXDQWLWLHV�WKDW�FXUUHQWO\�FDQQRW�EH�GLUHFWO\�PHDVXUHG�ZLWK�FRQILGHQFH�
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TABLE III-1
Summary of Atmospheric Transport and Deposition Models Applied to the Great Waters a

Model Description of Model Great Waters Related Application Goodness of Fit Referencesb

Regional Acid Developed under the NAPAP to predict Project quantity and spatial distribution of Comparisons within a Dennis
Deposition regional changes that may occur as a deposition to the Chesapeake Bay watershed factor of 2 for sulfur (1997)
Model result of nitrogen and sulfur deposition. from sources in eastern U.S. and Canada. deposition, and generally
(RADM) The geographic area covered by the Estimate fraction that each of 15 subregions in within a factor of 2 for

model is the eastern U.S. and Canada. the area contribute to total annual load of nitrogen deposition.
atmospherically deposited nitrogen to the Bay
watershed and tidal waters.

Regional Based on RADM; computes the chemical Predict wet and dry deposition of airborne Theoretical only and has Ching et al.
Particulate composition and size distribution of the semi-volatile organic toxic compounds to the not been compared with (1997)
Model secondary sulfur and nitrogen species, to Great Lakes on a regional scale. actual data.
(RPM) identify airborne particles that may serve

as sites for condensation or volatilization.

Regional Simulates concentrations of wet and dry Model deposition of metals including cadmium Wet deposition results Bullock et al.
Lagrangian deposition patterns of gaseous pollutants and lead to Lake Superior; model the from RELMAP for (1997)
Model of Air and particulate matter (both fine and emission, transport, and fate of airborne atmospheric mercury
Pollution coarse), and can generate source-receptor mercury in the U.S., including the Great Lakes agree with the majority of
(RELMAP) matrices for user-defined regions. and Florida. actual measurements

within a factor of 2.

Hybrid Uses backward trajectory calculations and Estimate deposition of trace metals and semi- Experimental model; Pirrone and
receptor- estimates dry deposition and gas volatile organic compounds to Lake Michigan variation in the model Keeler (1997)
deposition exchange flux.  Parameters incorporated for the Lake Michigan Urban Air Toxics Study. depended on the nature
model into the model include transport distance, of the chemical species

meteorological conditions, particle size and was ± 3-fold that of
distribution, and water surface roughness. values in literature.

 Models were presented at 1994 SETAC Annual Meeting and are described in Baker (1997).a

 "Goodness of fit" refers to how well the deposition estimates from the models correspond to actual measured deposition data.b


